DESCRIPTION 
HARD PRECIOUS METAL ALLOY MEMBER 
AND METHOD OF MANUFACTURING SAME 

[Technical Field] 

The present invention relate to a hard precious 

metal alloy member suitable for a decorative member, a 

dental member, an electronic member, etc., and a method 

of manufacturing the same. 
[Background Art] 

Conventionally, gold (Au) , silver (Ag) , platinum 
(Pt), palladium (Pd), rhodium (Rh), iridium (Ir), 
ruthenium (Ru) , osmium (Os). etc. are known as precious 
metal materials, and are used in various fields, such 
as decorative members, dental members, electronic 

members , etc . 

However, where these precious metal materials are 
used in such fields, they are not necessarily 
satisfactory in mechanical properties, such as hardness. 
Young's modulus, etc., and durability properties, such 
as corrosion resistance etc. Besides, there is another 
problem in that their operability is poor. 

On the other hand, in recent years, white gold 
(Ni-Cu-Au alloy) has attracted attention in the field 
of ornamental articles, but its hardness has not yet 
been satisfactory. In addition, the alloy has a poor 
color tone, and an unsatisfactory corrosion resistance, 
thereby hardly maintaining aesthetic value. For this 
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reason, the alloy is commercialized by using a plating 
treatment etc. under the present circumstances. 
Furthermore, the alloy cannot help having its hardness 
lowered by a heat treatment, such as brazing etc. 
Besides, its operability is also poor. 
[Disclosure of Invention] 

The present Invention has been made in light of 
the problems described above, and an object of the 
present invention is to provide a hard precious metal 
alloy member having excellent mechanical properties, 
fij and a method of manufacturing the same. 

0 Another object of the present invention is to 

provide a hard precious metal alloy member having an 
excellent corrosion resistance, in addition to the 
m 15 excellent mechanical properties, and a method of 

manufacturing the same. 

Still another object of the present invention is 
to provide a hard precious metal alloy member having a 
satisfactory color tone, in addition to the above 
20 described properties, and a method of manufacturing the 

same . 

Still another object of the present invention is 
to provide a hard precious metal alloy member having a 
satisfactory operability, in addition to the above 
25 described properties, and a method of manufacturing the 

same . 

According to an aspect of the present invention. 
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there is provided a hard precious metal alloy member 
constituted of a gold alloy, which has a gold Au 
content of from 37.50 to 98.45 wt%, i.e., weight%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 15,000 ppm. 

According to another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a gold alloy, which has a 
gold Au content of from 37.50 to 98.45 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a platinum alloy, which has 
a platinum Pt content of not less than 85.0 wt%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 15,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a platinum alloy, which has 
a platinum Pt content of not less than 85.0 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements. 



silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a silver alloy, which has a 
silver Ag content of not less than 80.0 wt%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 15,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a silver alloy, which has a 
silver Ag content of not less than 80.0 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare -earth 
elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member formed of a precious metal alloy, which is 
constituted of two or more elements selected from the 
precious metal element group consisting of gold Au, 
silver Ag, platinum Pt, palladium Pd, rhodium Rh, 
ruthenium Ru, and osmium Os, and contains gadolinium Gd 
in a range of not less than 50 ppm but less than 15,000 
ppm. 

According to still another aspect of the present 



invention, there is provided a hard precious metal 
alloy member formed of a precious metal alloy, which is 
constituted of two or more elements selected from the 
precious metal element group consisting of gold Au, 
silver Ag, platinum Pt, palladium Pd, rhodium Rh, 
ruthenium Ru, and osmium Os, and contains gadolinium Gd 
and at least one element selected from the group 
consisting of rare-earth elements other than Gd, 
alkaline -earth elements, silicon Si, aluminum Al, and 
boron B, in a range of not less than 50 ppm but less 
than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member formed of a precious metal alloy, which is 
constituted of at least one element selected from the 
group consisting of gold Au, silver Ag, platinum Pt, 
palladium Pd, rhodium Rh, ruthenium Ru, and osmium Os, 
and at least one element selected from the group 
consisting of copper Cu, nickel Ni, aluminum Al, zinc 
Zn, and Pe, and contains gadolinium Gd in a range of 
not less than 50 ppm but less than 15,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member formed of a precious metal alloy, which is 
constituted of at least one element selected from the 
group consisting of gold Au, silver Ag, platinum Pt, 
palladium Pd, rhodium Rh, ruthenium Ru, and osmium Os, 



and at least one element selected from the group 
consisting of copper Cu, nickel Ni, aluminum Al, zinc 
Zn, and Fe, and contains gadolinium Gd and at least one 
element selected from the group consisting of rare- 
earth elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B # in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a platinum alloy, which has 
a platinum Pt content of not less than 99.45 wt%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 5,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a platinum alloy, which has 
a platinum Pt content of not less than 99.45 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a palladium alloy, which 
has a palladium Pd content of not less than 99.45 wt%, 
and contains gadolinium Gd in a range of not less than 



50 ppm but less than 5,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a palladium alloy, which 
has a palladium Pd content of not less than 99.45 wt%, 
and contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements, 
silicon Si f aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a silver alloy, which has a 
silver Ag content of not less than 99.45 wt%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 5,000 ppm. 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a silver alloy, which has a 
silver Ag content of not less than 99.45 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total. 

In the case of the precious metal member 
constituted of a gold alloy, which has a gold Au 



content of from 37.50 to 98.45 wt%, where the member is 
constituted of a cast alloy, it can have a hardness of 
not less than 150 Hv, and a Young's modulus of 6,000 
kg/mm 2 , and where the member is constituted of a worked 
alloy at a working rate of not less than 50% , it can 
have a hardness of not less than 180 Hv, and a Young's 
modulus of 6,000 kg/mm 2 . 

In the case of the precious metal member 
constituted of a platinum alloy, where the member is 
constituted of a cast alloy, it can have a hardness of 
not less than 120 Hv, and a Young's modulus of 8,000 
kg/mm 2 , and where the member is constituted of a worked 
alloy at a working rate of not less than 50%, it can 
have a hardness of not less than 150 Hv, and a Young's 
modulus of 8,000 kg/mm 2 . In the case of the precious 
metal member constituted of another alloy, where the 
member is constituted of a cast alloy, it can have a 
hardness of not less than 130 Hv, and a Young's modulus 
of 7,000 kg/mm 2 , and where the member is constituted of 
a worked alloy at a working rate of not less than 50%, 
it can have a hardness of not less than 150 Hv, and a 
Young's modulus of 7,000 kg/mm 2 . In the case of the 
member constituted of an Ag or Pd alloy of not less 
than 99.45 wt%, where the member is constituted of a 
cast alloy, it can have a hardness of not less than 120 
Hv, and a Young's modulus of 7,000 kg/mm 2 , and where the 
member is constituted of a worked alloy at a working 



rate of not less than 50%, it can have a hardness of 
not less than 140 Hv, and a Young's modulus of 7,000 
kg/mm 2 . 

According to still another aspect of the present 
invention, there is provided a method of manufacturing 
a hard precious metal alloy member, comprising the 
steps of : casting a material having any one of the 
compositions described above; subjecting the material 
to a solution heat treatment; and subjecting the 
material to an aging treatment after the solution heat 
treatment . 

According to still another aspect of the present 
invention, there is provided a method of manufacturing 
a hard precious metal alloy member, comprising the 
steps of: casting a material having any one of the 
compositions described above; subjecting the material 
to a solution heat treatment; working the material into 
a predetermined shape; and subjecting the material to 
an aging treatment before or after the working. 

In these methods, the solution heat treatment and 
the aging treatment are performed at temperatures of 
from 600 to 2,500*0, and of from 150 to 600^, 
respectively. Note that, the temperature of the 
solution heat treatment is appropriately set in 
accordance with the alloy composition, because alloys 
have melting points different from each other. 

According to still another aspect of the present 



invention, there is provided a hard precious metal 
alloy member constituted of a gold alloy, which has a 
gold Au content of not less than 99.45 wt%, and 
contains gadolinium Gd in a range of not less than 50 
ppm but less than 5,000 ppm, wherein the member has a 
hardness of not less than 150 Hv, and a Young's modulus 
of 5,000 kg/mm 2 . 

According to still another aspect of the present 
invention, there is provided a hard precious metal 
alloy member constituted of a gold alloy, which has a 
gold Au content of not less than 99,45 wt%, and 
contains gadolinium Gd and at least one element 
selected from the group consisting of rare-earth 
elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B, in a range of not 
less than 50 ppm but less than 15,000 ppm in total, 
wherein the member has a hardness of not less than 130 
Hv, and a Young's modulus of 5,000 kg/mm 2 . 

Throughout this specification, the term "constituted 
of" means "consisting essentially of" and "is constituted 
of" means "consists essentially of". 

[Brief Description of Drawings] 

FIG. 1 is a view showing relationships between the 
working rate and the hardness in gold alloys 
corresponding to 18K-gold; 

FIG. 2 is a view showing relationships between the 
working rate and the hardness in gold alloys 
corresponding to 9K-gold to 22K~gold; and 

FIG. 3 is a view showing relationships between the 
working rate and the hardness in alloys based on 
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precious metals other than gold. 

[Detailed Description of the Invention] 

The present invention will be described in detail 
hereinafter. 

A hard precious metal alloy member according to a 
first embodiment of the present invention is 
constituted of a gold alloy, which has a gold Au 
content of from 37,50 to 98,45 wt%, i.e., weight%, and 
contains a hardening additive in a range of not less 
than 50 ppm but less than 15,000 ppm, wherein the 
hardening additive is constituted of gadolinium Gd only, 
or gadolinium Gd and at least one element selected from 
the group consisting of rare-earth elements other than 
Gd, alkaline -earth elements, silicon Si, aluminum Al, 
and boron B. 

As described above, where the gold Au content is 
set to be from 37.50 to 98.45 wt%, and the hardening 
additive, which is constituted of gadolinium Gd only, 
or a combination thereof with another element, is added 
in an appropriate amount, even a cast alloy without any 
work can have a high hardness of not less than 130 Hv, 
and a high Young's modulus of 6,000 kg/ mm 2 which has 
never been obtained. 

Gd is the most effective hardening element in 
consideration of volume occupation rate etc. , and is 
also highly effective in improving heat -resistance . 
Particularly, it has been found that, where Gd is added. 
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a very high Young's modulus can be obtained* Since Gd 
is greatly effective in improving hardness and Young's 
modulus, it is required to be added in a small amount, 
so that the color tone of the based alloy is prevented 
from changing, thereby obtaining a satisfactory color 
tone. 

Although the effect of the hardening additive is 
provided even where only Gd is used, a more excellent 
effect can be obtained by means of synergy where Gd is 
added in combination with at least one element selected 
from the group consisting of rare-earth elements other 
than Gd, alkaline -earth elements, silicon Si, aluminum 
Al, and boron B. 

Ca is preferably selected from the alkaline-earth 
elements. Where gadolinium Gd and silicon Si are used 
for the hardening additive, the amount of Gd is 
preferably set to be not more than 50 wt% of the total 
amount of Gd and Si. Where gadolinium Gd and aluminum 
Al are used, the amount of Gd is preferably set to be 
not less than 10 wt% of the total amount of Gd and Al. 

The amount of hardening additive is set to fall in 
a range of not less than 50 ppm but less than 15,000 
ppm, because the hardening effect is not effectively 
provided where the amount is less than 50 ppm, while it 
is difficult to maintain the characteristics of Au 
where the amount is not less than 15,000 ppm. 

In this case, an objective gold alloy is not 
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limited to a specific alloy, but may be an ordinary 
alloy , so long as it has a gold Au content of from 
37.50 to 98.45 wt%, i.e., a gold quality of 9K (karat) 
or more. For example, an alloy of Au containing at 
least one of Pt, Pd, and Ag may be used as the 
objective alloy. An example of 18K- alloy is an alloy of 
75%-Au containing Pt and Pd, or containing Ag and Pd. 
An example of 9K-alloy is an alloy of 38% -Au containing 
Ag, Pt, and Pd. These alloys particularly exhibit a 
satisfactory corrosion resistance, because they do not 
basically contain, as an alloy component, an element, 
such as Cu etc., whose corrosion resistance is low to 
some extent. However, another gold alloy, such as white 
gold (Ni-Cu-Au alloy) etc., containing an alloy element 
other than precious metals may be used. Components 
contained other than the hardening additive are also 
not limited, so long as they are ones generally used 
for gold alloys. In other words, the hardening additive 
described above is effective to any existing gold alloy. 

An explanation will be given of a method of 
manufacturing an alloy member having properties 
described above. 

In the case of a cast alloy, an alloy material 
having a composition as described above is cast, then 
is subjected to a solution heat treatment in which it 
is heated to a predetermined temperature and then 
quickly cooled, and then is subjected to an aging 



treatment . 

In the case of a worked alloy, an alloy material 
having a composition as described above is cast, then 
is subjected to a solution heat treatment in which it 
is heated to a predetermined temperature and then 
quickly cooled, and then is worked into a predetermined 
shape, wherein the material is subjected to an aging 
treatment before or after being worked. 

In these cases, the solution heat treatment may be 
performed at a temperature of from 600 to 2,500 °C , 
while the aging treatment may be performed at a 
temperature of from 150 to 600 °C, though the 
temperatures for the solution heat treatment and the 
aging treatment vary depending on the type of the alloy. 

Upon performing the solution heat treatment and 
the aging treatment, the alloy is remarkably hardened 
by an action mainly of Gd, and synergy of Gd with 
another added element. As a result, even in the case of 
a cast alloy without any work, it can have a hardness 
of not less than 130 Hv, and, if the composition and 
conditions are appropriately selected, it can have a 
hardness of not less than 150 Hv, which are far higher 
than conventional values. In the case of a worked alloy, 
it can have a hardness of not less than 150 Hv at a 
working rate of not less than 50%, and it can have a 
hardness of not less than 180 Hv, or further of not 
less than 200 Hv, depending on the case, at a working 
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rate of not less than 90%. Note that the working rate 
of the alloy is set to fall in a range of preferably up 
to 99.0%, and more preferably up to 99.6%, though it 
can be set at an arbitrary value • 

It has also been found for the first time that, in 
addition to a high hardness, the alloy can have a large 
Young's modulus of not less than 6,000 kg/mm 2 . Where 
the process conditions are optimized, a very large 
modulus of not less than 7,000 kg/mm 2 , or further at 
8,000 kg/mm 2 , depending on the case, can be obtained. 

In other words, according to the present invention, 
it is possible to obtain an alloy member having both of 
a high hardness and a high Young's modulus without 
reference to the gold purity. Conventional, a 24K-gold 
alloy has a Young's modulus of about 4,000 kg/mm 2 at 
most, and a 18K~gold alloy has a Young's modulus of 
about 5,800 kg/mm 2 at most. In the present embodiment, 
a 18K-gold alloy can have a high Young's modulus of not 
less than 6,000 kg/mm 2 , or further of not less than 
7,000 kg/mm 2 , depending on the case. Where the 
composition and conditions are optimized, it is 
possible to obtain a Young's modulus of not less than 
8,000 kg/mm 2 , which corresponds to the level of 99.99% 
Au that hardly contains impurities. The 99.99% Au has a 
low hardness of not more than 50 Hv, while it has a 
high Young's modulus. Accordingly, it is difficult to 
apply the 99.99% Au to decorative members, dental 
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members, electronic members, etc. In contrast, an alloy 
member according to this embodiment has both of a high 
hardness and a high Young's modulus, as described above, 
and thus is suitable for these applications. 

Such a high hardness and a high Young's modulus 
are also obtained in a high purity gold alloy member 
having a gold Au content of not less than 98.5 wt%, and 
particularly of not less than 99.45 wt%. Accordingly, 
the objective alloy members according to this 
embodiment also cover an alloy member constituted of a 
cast alloy without any work, which has a hardness of 
not less than 130 Hv and a Young's modulus of 5,000 
kg/mm 2 , and an alloy member constituted of a worked 
alloy, which has a hardness of not less than 150 Hv and 
a Young's modulus of 5,000 kg/mm 2 ; where each of the 
alloy members is constituted of a high purity gold 
alloy, which has a gold Au content of not less than 
98.5 wt%, and contains a hardening additive in a range 
of not less than 50 ppm but less than 15,000 ppm, 
wherein the hardening additive is constituted of 
gadolinium Gd only, or gadolinium Gd and at least one 
element selected from the group consisting of rare- 
earth elements other than Gd, alkaline -earth elements, 
silicon Si, aluminum Al, and boron B. This high purity 
gold alloy member of not less than 98.5 wt% is 
manufactured in accordance with the same conditions as 
those described above. Where the conditions are 
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optimized, it is possible to obtain a Young's modulus 
of not less than 6,000 kg/nun 2 , or further of not less 
than 7,000 kg/mm 2 , depending on the case, and a high 
hardness of not less than 180 Hv, or further of not 
5 less than 200 Hv, depending on the case. 

In both the cases of a gold purity of from 37.5 to 
98 . 45 wt%, and of not less than 98.5%, the most 
preferable conditions for obtaining a high hardness and 
a high Young's modulus include a temperature of from 
10 600 to 1,000 *C for the solution heat treatment, and a 

temperature of from 150 to 500 for the aging 
treatment . 

Explanations will be given of second to fifth 
embodiments of the present invention. 
15 A hard precious metal alloy member according to 

j|j the second embodiment of the present invention is 

constituted of a platinum alloy, which has a platinum 
Pt content of 85.0 wt%, and contains a hardening 
additive in a range of not less than 50 ppm but less 
20 than 15,000 ppm, wherein the hardening additive is 

constituted of gadolinium Gd only, or gadolinium Gd and 
at least one element selected from the group consisting 
of rare-earth elements other than Gd, alkaline -earth 
elements, silicon Si, aluminum Al, and boron B. 
25 A hard precious metal alloy member according to 

the third embodiment of the present invention is 
constituted of a silver alloy, which has a silver Ag 
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content of not less than 80.0 wt%, and contains a 
hardening additive in a range of not less than 50 ppm 
but less than 15,000 ppm, wherein the hardening 
additive is constituted of gadolinium Gd only, or 
gadolinium Gd and at least one element selected from 
the group consisting of rare-earth elements other than 
Gd, alkaline -earth elements, silicon Si, aluminum Al, 
and boron B. 

A hard precious metal alloy member according to 
the fourth embodiment of the present invention is 
formed of a precious metal alloy, which is constituted 
of two or more elements selected from the precious 
metal element group consisting of gold Au, silver Ag, 
platinum Pt, palladium Pd, rhodium Rh, ruthenium Ru, 
and osmium Os, and contains a hardening additive in a 
range of not less than 50 ppm but less than 15,000 ppm, 
wherein the hardening additive is constituted of 
gadolinium Gd only, or gadolinium Gd and at least one 
element selected from the group consisting of rare- 
earth elements other than Gd, alkaline-earth elements, 
silicon Si, aluminum Al, and boron B. 

A hard precious metal alloy member according to 
the fifth embodiment of the present invention is formed 
of a precious metal alloy, which is constituted of at 
least one element selected from the group consisting of 
gold Au, silver Ag, platinum Pt, palladium Pd, rhodium 
Rh, ruthenium Ru, and osmium Os, and at least one 
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element selected from the group consisting of copper Cu, 
nickel Ni, aluminum Al, zinc Zn, and Fe, and contains a 
hardening additive in a range of not less than 50 ppm 
but less than 15,000 ppm, wherein the hardening 
additive is constituted of gadolinium Gd only, or 
gadolinium Gd and at least one element selected from 
the group consisting of rare-earth elements other than 
Gd, alkaline- earth elements, silicon Si, aluminum Al, 
and boron B. 

Also in these embodiments, Ca is preferably 
selected from the alkaline -earth elements. Where 
gadolinium Gd and silicon Si are used for the hardening 
additive, the amount of Gd is preferably set to be not 
more than 50 wt% of the total amount of Gd and Si. 
Where gadolinium Gd and aluminum Al are used, the 
amount of Gd is preferably set to be not less than 10 
wt% of the total amount of Gd and Al. 

An alloy to which any one of the second to fifth 
embodiments is applied is not limited to a specific 
alloy, but the following alloys are mentioned for 
example. A platinum Pt alloy according to the second 
embodiment is exemplified by a Pt-Pd or Pt-Pd-Cu based 
alloy. A silver Ag alloy according to the third 
embodiment is exemplified by an Ag-Cu-Zn based alloy. A 
precious metal alloy according to the fourth embodiment 
is exemplified by an Au-Pd-Ag, Au-Pt-Pd-Ag, or Ag-Pd 
based alloy. A precious metal alloy according to the 
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fifth embodiment is exemplified by an Au-Pt-Pd-Cu-Zn or 
Ag-Pd-Cu-Zn based alloy. Alloys according to the fourth 
and fifth embodiments include alloys overlapping those 
according to the first to third embodiments, and also 
include alloys in which the content of each precious 
metal element is lower than that according to the first 
to third embodiments- Components contained other than 
the hardening additive are also not limited, so long as 
they are ones generally used for precious metal alloys. 
In other words, the hardening additive described above 
is effective to any existing precious metal alloy. 

An alloy member according to any one of the second 
to fifth embodiments is also manufactured by the same 
method as that of the first embodiment. Specifically, 
in the case of a cast alloy, an alloy material having a 
composition as described above is cast, then is 
subjected to a solution heat treatment in which it is 
heated to a predetermined temperature and then quickly 
cooled, and then is subjected to an aging treatment. In 
the case of a worked alloy, an alloy material having a 
composition as described above is cast, then is 
subjected to a solution heat treatment in which it is 
heated to a predetermined temperature and then quickly 
cooled, and then is worked into a predetermined shape, 
wherein the material is subjected to an aging treatment 
before or after being worked. The temperatures for the 
solution heat treatment and the aging treatment in 



these cases are the same as those of the first 
embodiment, i.e., the solution heat treatment may be 
performed at a temperature of from 600 to 2,500 "C , 
while the aging treatment may be performed at a 
temperature of from 150 to 600 °C . For the most 
preferable conditions, the temperature for the solution 
heat treatment falls in a range of from 500 to 1,600 °C , 
while the temperature for the aging treatment falls in 
a range of from 150 to 500 *C . The working rate of the 
alloy can be arbitrarily set, but its preferable range 
is the same as that of the first embodiment. 

In the precious metal alloy member constituted of 
a platinum alloy according the second embodiment, a 
hardening additive, which is constituted of gadolinium 
Gd only, or a combination thereof with another element, 
is added in an appropriate amount, and then the above 
described treatments are performed. As a result, even 
in the case of a cast alloy without any work, it can 
have a high hardness of not less than 120 Hv, which has 
never been obtained. In the case of a worked alloy, it 
can have a hardness of not less than 150 Hv at a 
working rate of about 50%, and it can have a hardness 
of not less than 170 Hv at a working rate of not less 
than 90%. A platinum alloy has an inherent disadvantage 
in that the hardness is low, though the Young's modulus 
is high. Accordingly, the conventional alloy can be 
hardly applied to the uses that the present invention 
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aims at, or the alloy may be applied thereto by adding 
an element, such as Cu etc. In the latter case, 
problems are entailed in the corrosion resistance and 
the color tone due to Cu etc., as well as an 
unsatisfactory hardness. In contrast, according to the 
present invention, the alloy can have a high hardness 
as described above, and also maintain a high Young's 
modulus of not less than 8,000 kg/mm 2 . Where the 
composition and manufacturing conditions are adjusted, 
it is possible to obtain a very high Young's modulus of 
not less than 10,000 kg/mm 2 , further of not less than 
15,000 kg/mm 2 , or still further of 20,000 kg/mm 2 , 
depending on the case, while maintaining a high 
hardness . 

Also in the alloy member according to any one of 
the third to fifth embodiments, a hardening additive, 
which is constituted of gadolinium Gd only, or a 
combination thereof with another element, is added in 
an appropriate amount, and then the above described 
treatments are performed. As a result, even in the case 
of a cast alloy, it can have a hardness of not less 
than 130 Hv, which is remarkably higher than 
conventional values. In the case of a worked alloy, it 
can have a hardness of not less than 150 Hv at a 
working rate of about 50%, and it can have a hardness 
of not less than 180 Hv at a working rate of not less 
than 90%. Furthermore, the alloy can have a high 
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Young's modulus of not less than 7,000 kg/mm 2 , thereby 
providing an alloy member having both of a high 
hardness and a high Young's modulus. Where the 
composition and manufacturing conditions are optimized, 
it is possible to obtain a very high Young's modulus of 
not less than 8,000 kg/mm 2 , or further of not less than 
10,000 kg/mm 2 , depending on the case, as well as a very 
high hardness of 200 Hv. 

Explanations will be given of sixth to eighth 
embodiments of the present invention, 

A hard precious metal alloy member according to 
the sixth embodiment of the present invention is 
constituted of a high purity platinum alloy, which has 
a platinum Pt content of 99.45 wt%, and contains a 
hardening additive in a range of not less than 50 ppm 
but less than 5,000 ppm, wherein the hardening additive 
is constituted of gadolinium Gd only, or gadolinium Gd 
and at least one element selected from the group 
consisting of rare-earth elements other than Gd, 
alkaline -earth elements, silicon Si, aluminum Al, and 
boron B. 

A hard precious metal alloy member according to 
the seventh embodiment of the present invention is 
constituted of a high purity palladium alloy, which has 
a palladium Pd content of 99.45 wt%, and contains a 
hardening additive in a range of not less than 50 ppm 
but less than 5,000 ppm, wherein the hardening additive 



24 - 



is constituted of gadolinium Gd only, or gadolinium Gd 
and at least one element selected from the group 
consisting of rare-earth elements other than Gd, 
alkaline -earth elements, silicon Si, aluminum Al, and 
boron B # 

A hard precious metal alloy member according to 
the eighth embodiment of the present invention is 
constituted of a high purity silver alloy, which has a 
silver Ag content of 99.45 wt%, and contains a 
hardening additive in a range of not less than 50 ppm 
but less than 5,000 ppm, wherein the hardening additive 
is constituted of gadolinium Gd only, or gadolinium Gd 
and at least one element selected from the group 
consisting of rare-earth elements other than Gd, 
alkaline -earth elements, silicon Si, aluminum Al, and 
boron B. 

It has been found that, even in the case of a high 
purity platinum alloy, a high purity palladium alloy, 
and a high purity silver alloy, as in the sixth to 
eighth embodiments, an alloy member having both of a 
high hardness and a high Young's modulus is obtained 
where a hardening additive, which is constituted of 
gadolinium Gd only, or a combination thereof with 
another element, is added in an appropriate amount, as 
in the alloys according to the second to fifth 
embodiments . 

Also in these embodiments, Ca is preferably 



selected from the alkaline-earth elements. Where 
gadolinium Gd and silicon Si are used for the hardening 
additive, the amount of Gd is preferably set to be not 
more than 50 wt% of the total amount of Gd and Si, 
Where gadolinium Gd and aluminum Al are used, the 
amount of Gd is preferably set to be not less than 10 
wt% of the total amount of Gd and Al. 

An alloy to which any one of the sixth to eighth 
embodiments is applied is not limited to a specific 
alloy, but may be an alloy containing a component 
generally used for the alloy, other than the hardening 
additive. Examples of the component other than the 
hardening additive are Cu, Ni, and Zn. 

An alloy member according to any one of the sixth 
to eighth embodiments is also manufactured by the same 
method as that of the first to fifth embodiments. 
Specifically, in the case of a cast alloy, an alloy 
material having a composition as described above is 
cast, then is subjected to a solution heat treatment in 
which it is heated to a predetermined temperature and 
then quickly cooled, and then is subjected to an aging 
treatment. In the case of a worked alloy, an alloy 
material having a composition as described above is 
cast, then is subjected to a solution heat treatment in 
which it is heated to a predetermined temperature and 
then quickly cooled, and then is worked into a 
predetermined shape, wherein the material is subjected 
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to an aging treatment before or after being worked. The 
temperatures for the solution heat treatment and the 
aging treatment in these cases are the same as those of 
the first embodiment, i.e., the solution heat treatment 
may be performed at a temperature of from 600 to 
2,500 °C, while the aging treatment may be performed at 
a temperature of from 150 to 600 °C . For the most 
preferable conditions, the temperature for the solution 
heat treatment falls in a range of from 500 to 1,600 "C, 
while the temperature for the aging treatment falls in 
a range of from 150 to 500 *C . The working rate of the 
alloy can be arbitrarily set, but its preferable range 
is the same as that of the first embodiment. 

In the precious metal alloy member constituted of 
a platinum alloy according the sixth embodiment, a 
hardening additive, which is constituted of gadolinium 
Gd only, or a combination thereof with another element, 
is added in an appropriate amount, and then the above 
described treatments are performed. As a result, as in 
the second embodiment, even in the case of a cast alloy 
without any work, it can have a high hardness of not 
less than 120 Hv, which has never been obtained. In the 
case of a worked alloy, it can have a hardness of not 
less than 150 Hv at a working rate of not less than 50%, 
and it can have a hardness of not less than 170 Hv, or 
further of not less than 180 Hv, depending on the case, 
which have never been obtained, at a working rate of 



not less than 90%. In addition, it is possible to 
obtain a high Young's modulus of not less than 8,000 
kg/mm 2 . Where the composition and manufacturing 
conditions are adjusted, it is possible to obtain a 
higher Young f s modulus of not less than 10,000 kg/mm 2 , 
while maintaining a high hardness. Furthermore, where 
the composition and manufacturing conditions are 
optimized, it is possible to obtain a very high Young's 
modulus of not less than 15,000 kg/mm 2 , or further of 
20,000 kg/mm 2 , depending on the case. 

Also in the alloy member according either one of 
the seventh and eighth embodiments, a hardening 
additive, which is constituted of gadolinium Gd only, 
or a combination thereof with another element , is added 
in an appropriate amount, and then the above described 
treatments are performed. As a result, even in the case 
of a cast alloy, it can have a hardness of not less 
than 120 Hv, which is remarkably higher than 
conventional values. In the case of a worked alloy, it 
can have a hardness of not less than 140 Hv at a 
working rate of about 50%, and it can have a hardness 
of not less than 150 Hv, or further of not less than 
170 Hv, depending on the case, at a working rate of not 
less than 90%. Furthermore, the alloy can have a high 
Young's modulus of not less than 7,000 kg/mm 2 . Where 
the composition and manufacturing conditions are 
optimized, it is possible to obtain a very high Young's 
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modulus of not less than 8,000 kg/mm 2 , or further of not 
less than 10,000 kg /mm 2 , depending on the case. 

Conventionally, each of a high purity platinum 
alloy, a high purity palladium alloy, and a high purity 
silver alloy has a low Vickers hardness of about 100 Hv 
even at a working rate of not less than 90%. 
Accordingly, the alloy can be hardly applied to the 
uses that the present invention aims at. In order to 
obtain a hardness satisfactory to some extent, an 
element, such as Cu, Zn, etc., has to be added in a 
range of from 5 to 10% to lower the purity, thereby 
sacrificing the corrosion resistance and the color tone. 
In contrast, according to the present invention, it is 
possible to obtain a precious metal alloy member having 
both of a high hardness and a high Young's modulus, 
even with a high purity. 

As described above, according to the present 
invention, a high hardness and a high Young's modulus 
are obtained in various kind of precious metal alloys, 
where each alloy is added with a slight amount of a 
hardening additive, which is constituted only of 
gadolinium Gd, or mainly of Gd. Only a small amount of 
the hardening additive is required to be added to 
improve the mechanical properties, and Gd etc. occupy a 
small volume, so that the color tone is prevented from 
being affected. Accordingly, the alloy can have a 
satisfactory color tone. Furthermore, since Gd hardly 
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Influences the color tone, another element may be 
positively added so that a color gold having a 
predetermined color can be manufactured. Besides, 
the hardening additive is required to be added in a 
slight amount, as described above, a decrease in 
electrical properties is small, thereby obtaining 
satisfactory electrical properties. Since Gd is easily 
dispersed, an alloy according to the present invention 
provides a good workability and operability. While Gd 
is added to an alloy to increase the hardness and the 
Young's modulus, it does not decrease the corrosion 
resistance, thereby allowing the alloy to have a 
satisfactory corrosion resistance. 

EXAMPLES 

Examples of the present invention will be 
described below. 

Using electrolytic gold having a gold purity of 
99.995 wt%, gold alloys having compositions shown in 
Table 1 to correspond to 24K, 22K, 20K, 14K, and 9K 
were prepared by means of melting. In the case of a 
worked article, a material was continuously cast into a 
wire of 8 mm 4> by a continuously casting machine. After 
that, the continuously cast material was subjected to a 
solution heat treatment in which it was held at 800^ 
for one hour and then quickly cooled, and then was 
worked by a grooved roll and a die at various working 
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rates. The material was subjected to an aging treatment 
at 250*0 for three hours before or after being worked. 

In the case of a cast article, a material was cast 
within the atmosphere by means of a pressurizing and 
rotating method, then was subjected to a solution heat 
treatment and an aging treatment, using the same 
conditions as those described above. 

For the respective articles, the color tone was 
evaluated, and the Vickers hardness, breaking strength, 
and Young's modulus were measured. The corrosion 
resistance was also evaluated. The result of these is 
shown in Table 2. 

Note that, in Table 1, Examples 1 to 9 fall in a 
range according to the present invention, while 
Comparative Examples 1 to 3 are conventional alloys. 
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As shown in Table 2 , as for Examples 1 to 3, even the 
cast articles exhibited a hardness of not less than 150 Hv, 
and the worked articles exhibited a higher hardness, such 
that their hardness was higher than that of Comparative 
5 Examples 1 to 3, i.e., conventional articles. At working 

rate of 90%, the hardness was not less than 180 Hv, or not 
less than 200 Hv, depending on the case. FIG. 1 is a view 
showing relationships between the working rate and the 
hardness in gold alloys corresponding to 18K-gold. FIG. 2 
^Bj is a view showing relationships between the working rate 
!S and the hardness in gold alloys of different gold contents, 
y As for Examples 1 to 9, the Young f s modulus was not 

rw less than 8,000 kg/mm 2 , which was higher than that of 

u 

53- Comparative Examples 1 to 3, i.e., conventional articles. 

■4 

1® As for Examples 1 to 3 according to the present invention, 

fi! it was confirmed that the Young's modulus did not decrease 

!U. 

even where the hardness increased. 

Even where the amount of a hardening additive was as 
small as not more than 0.45 wt%, necessary hardness and 
20 Young's modulus were obtained. Furthermore, even where 

each alloy was worked up to a working rate of 99.6% without 
annealing, no problems arose, whereby it was confirmed that 
the alloy had a satisfactory workability. 

As for Examples 1 to 9, the breaking strength and the 
25 corrosion resistance were satisfactory, such that the 

hardness was hardly lowered by brazing. 

As for Example 9 using a high purity gold alloy 
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having a gold content of not less than 98.5 wt%, it was 
confirmed that the cast alloy could have a high hardness of 
not less than 130 Hv, and the worked alloy at working rate 
of not less than 90% could have a high hardness of not less 
than 150 Hv and a high Young's modulus of not less than 
8,000 kg/mm 2 . The color tone was also satisfactory. 

Furthermore, selecting additive elements, 2 IK- and 
22K-color gold alloys of yellow, red, pink, white, gray, 
blue, green, and purple were prepared. As a result, it was 
confirmed that desired color tones were obtained. 

Next, using precious metals each having a purity of 
99.995 wt%, precious metal alloys having compositions shown 
in Table 3 were prepared by means of melting. In the case 
of a worked article, as in the above described Examples, a 
material was continuously cast into a wire of 8 mm $ by a 
continuously casting machine. After that, the continuously 
cast material was subjected to a solution heat treatment in 
which it was held at 800*0 for one hour and then quickly 
cooled, and then was worked by a grooved roll and a die at 
various working rates. The material was subjected to an 
aging treatment at 250*0 for three hours before or after 
being worked. 

In the case of a cast article, a material was cast 
within the atmosphere by means of a pressurizing and 
rotating method, then was subjected to a solution heat 
treatment and an aging treatment, using the same conditions 
as those described above. 
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For the respective articles, the color tone was 
evaluated, and the Vickers hardness , breaking strength, and 
Young's modulus were measured. The corrosion resistance 
was also evaluated . The result of these is shown in Table 
4. 

Note that, in Table 3, Examples 11 to 21 fall in a 
range according to the present invention, while Comparative 
Examples 11 to 13 are conventional alloys. 
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As shown in Table 4, as for Examples 11 to 21 , i.e., 
precious metal alloys falling in a range according to the 
present invention, although depending on compositions, the 
hardness and the Young's modulus were high, the corrosion 
resistance and the color tone were excellent, such that the 
properties were better than those of alloys corresponding 
to respective grades. Particularly, an alloy member of a 
platinum alloy could have a high hardness, while 
maintaining a high Young's modulus of platinum, such as a 
high value of not less than 10,000 kg /mm 2 , or further of 
not less than 20,000 kg/mm 2 , depending on compositions. 
Furthermore, as shown in FIG. 3, at a high working rate, 
there were cases where the Vickers hardness was more than 
200 Hv. 

A hard precious metal member according to the present 
invention has a high hardness and a satisfactory corrosion 
resistance, and thus has an excellent durability. The 
member also has a high Young's modulus to exhibit a spring 
characteristic, and thus is not brittle while having a high 
hardness. Accordingly, the member has excellent mechanical 
properties, and thus can be made light and thin. The 
member also has a satisfactory color tone. In addition, 
the member has a good workability and operability. 

Since the hard precious metal member according to the 
present invention has the above described properties, it is 
suitable for jewels and ornaments, such as a necklace, a 
bracelet, a pendant, an earring, etc. Furthermore, the 
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member has a high hardness, and a spring characteristic due 
to a high Young's modulus, it is suitable for fibers and 
daily-use -articles , such as a watch band, an eyeglass frame, 
a clasp, etc. Where the member is applied to a musical 
instrument, a bell, etc., utilizing these properties of a 
high hardness and a high Young's modulus, a good sound can 
be obtained. The member is suitable further of an 
electronic member, such as a bonding wire, a lead frame, a 
connector, etc., a cladding member, a spark plug member of 
automobiles, a dental member, etc. 



